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■ A 

The invention relates to appara¬ 
tus for removal of noxious gases from 
emissions, such as volatile organic com¬ 
pounds (VOC’s). Existing arrangements 
for reduction .of VOC’s comprise two 
electrodes in the form of tapered fiat 
surfaces having a potential difference 
applied across them. Gas containing 
VOC’s passes between the electrodes 
at)d VOC’s when detected, were in¬ 
cinerated in the discharge, leaving less 
harmless end products. A disadvantage 
with the aforementioned arrangements 
was that the reactive power requirement 
was extremely high. This was due to the 
initial striking voltage required to cause 
discharge being of the order of several 
tens of kilowatts at atmospheric pressure. 

The present invention employs an aux¬ 
iliary electrode (16) positioned between 
rwo electrodes (12 and 14) and control 
circuitry (18, 20, R* and R,) arranged 
to substantially reduce the initial strik¬ 
ing voltage and therefore the complex¬ 
ity, power consumption and maximum 
power capability of the apparatus. 
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.' .d: 1 i : - 

, ' I MPROVEMENTS IN REHOVAi:-OF NOXIOUS GASES FROM EHTS'STnire 

>.c c This invention relates, to improvements in removal of noxious 

:? < 9 ss ; es arid more particularly,--but not exclusively, to improvements 

,5 rih-. apparatus for the oxidation of Vo 1 ati 1 e -Organic Compounds 

Tvqcs). " :■--.< - A •” 

r . .... •> * ’ 

• The disposal of -hazardous waste and toxic materials has 
advanced considerably - from 1 "'-the use of unconfrol 1 rid. landfill 
Developments have come about as a result of increasingly 
V° s^r ic,t:Veg i.sla 11.<>a < r-e,quires - many - forms •of;’ 1 waste td : be 

pretreated of ten ^by. ,„i.nci.^ation... y As. -.a result incinerators have 
grown in complexity. _ _ __ _ _ _ „ 

The problem has been exacerbated by the increasing use of 
chlorinated plastics producing dioxins, the growing awareness of 
15 the hazards and th’e public perception of even quite harmless 
emissions. The rise in both capital cost and running cost of 
improving existing methods and ever increasing legislation are 
favourable for the introduction of new processes using electric 
discharges as an alternative to conventional processes. Electric 
20 discharges are already used for vitrification of hazardous 
materials and for reclaiming heavy metals from metallurgical flue 
dust as an alternative to disposal by landfill. 

Advantages obtainable by using electric discharges for 
oxidising VOCs include: higher temperature and energy densities 
25 than combustion processes, alternative chemical routes; and 
greater conversion efficiencies where selective chemical 

transitions can be carried out. 

Electric discharges can be used for the synthesis or 
destruction of chemical compounds in many ways using the 
30 different energy transition processes involved in the release of 
the potential energy over their different ranges of operation. 

An arrangement which incinerates VOCs is described in 
published French Patent Application No. FR-A-9011278 in the name 
of SOCIETE GIENNOISE DE MECANIQUE ET DE METALLURGIE SA. The 
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arrangement extracts ..fumes..-from., a, spray- paint workshop and 
incinerates the .noxious fumes to produce relatively harmless 

products. .... . :<•. . ? .. . " * : 

The incinerator:, comprises ,two electrodes -which were 
.5 effectively knife-blades, the. distance between whose ^tapered 
..-edges varied smoothly. potenti-a.l difference; wav'established 

.. across th? electrodes and. a region: ofcan .Igniting portion of gas 
progre s s e d c 1 n- a 1 on g.ftud,1;n*i.d trecttori:,?rbetweenr the- electrodes. 
..-..Another-,device for Toc-inerating-fV00si.:is (.described ‘i n European 
10,- Paten : t : Application.: .No.- EP-A-;91120,941-Spuwhlch dsri'.n the name of 
ON-DEMAND .,,ENVI.HONMENTAL -SYSTEMS . i This describes an 

incinerator- which; 1 s>, ;designedit©-beeretronfitted into: an exlsting 
-exhaust air-stream:. A^etector.Jvpresentowhich detects VOCs and 

turns on the 1 neincratpr ;whe;n required. Vial« ’ 

15 AC discharge devices suffered from a number of drawbacks and 

..... in, particular^their-pireactiyai-power; f requirements were high as the 
initial striking, Arol.feage. regumsdT .to cause : : discharge.-ignition was 
. . high ; . One, reas.©p ; , fQOathiso-lvifecauc-f-'.oprocessi.ng material in the 
• vapour ;or> gaS;ephasg ?: requiyes: ppsuattoncat :0r;<closet f to ^atmospheric 
20 • pres sure,-? and -high-power-, -of t-he? aorderalof •• 'sever aV <tehl* 'b'r hundreds 

..of kW to achieye y a useful throughput :,o • i M ■ ?-i 

.... Reliable 3 breakdown- .between- -eTectrod.es: . in. fflowihg air at 
.. atmospheric^ pressure i .such as those: flow: speeds used in the VOC 
incineration process, has required an electric field strength of 
25. at least 3ky/mm in air. However, in some gases this value"wi 11 

be exceeded. The .high-^ratio of. openicircqit voltage (Vq C > to the 

arc voltage results an poor utilisation of. the:rpdwer, Supply, in 
that the reactive power is much greater than the power. Use of 
•. the third or auxiliary electrode, and a r.separate? high voltage low 
30 current ignition-supplyallowsethe-voltage between the :first and 
second, primary, eltectrod'es ;»!to cbe -’.Increased by ' increasing the 
electrode separation. ; - Alternatively.-the -'open circuit vo'ltage can 
be : decreased.: to 4-es-s- than ;h.aT:f ;of. its: :vaiue • for existing 
arrangements... ; : .7 u---. :>'V : r -.: *:•: r *... t#'■■ 
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r:v/ Thus-• existing equipment ' has ~ bVefi requited to 'have high 
'reactive ' power' capabilities, even ‘though it Wa's ; not always 
required to operate at these maximum powers. ‘Furthermore after 


ri f ignition hadl "been J achieved : it“' was' rrdt' necessary to have such 
, 5 ? large ^potential differences appearing across electrodes as such 


: high levels, of. feattlve' • power Ctiissipation were -uridesifable. 

. ■_ Alternative approaches -> r Bsed "coiiiplex‘ -eleetfodet : which were water 
- • coal ed .and? ©xJprehs.fVel &r-> 'ex^ensiVe‘"secondary f eleetf1 cal 'swi tchgear 
• ' forriohanglrtg .dortJft.icfffSffollowing igiilffon- df the gas(es). 

l.Q :' .-.These 'factors - haVe" general ly ->T 1 mi ted" the 6 uYefui range of 


relectric discharges 


to3 T tjl'Sv or - 1 crofOna' v 'and a ! r e -discharge for 


/ industrial: seale : ^ application I i ''The-' pfeseTit' c invention aims to 
V obviate ithese?irantSvqotHeff^pftfbtfciife afflSP -Ye'eles tef -1 provide - an 


arrangement whi ch. rdgitls^es 'less 'reactFve- 1 pdWer '’and n i s" therefore 


: 15.^ c cheaper. . por; c-’tY?—;- c3:> i v-"b 


.£ rq ■According’jto aef irst'--'a^peoi: tr c^ , 'th'e^ pHieseht iWve'ntion there is 
r; - !ftriovided-,-)apparatBS cFbrb^difclrf$£an ■ oleYtfid r - art •'cohiprising a 
'•i ffiflrs/bT- and 2 283 osic<MW^s.>tfectfoiS 4 f^afl^ nS'eaHY - ' f&P establishing a 
iq?.ui'jBPtentjai! ndifferenee i 3 tms$s*s the??• two?^lectfode's;• LO a &v third or 
2&H auxi 1 3ary e© leetrode~?bnieanS- for . applying‘<a '-potenffar difference 
between the third orqauxIMafy electrode ~ahcf -at 'least ohe of the 
,:f, rfi.rrSti?and i secOnd-eleetrodes’ sbeh'-tiiraf-> the Voltage required to 
r r.- achieve breakdown t across the''first : '‘hnd ‘' secbncl electrodes is 
- - .-reduced. ,-s. . : -• . i :.. ■ 


25 , , , iPrefjeraJbiys.the breakdown Voltage is reduced by at-least one 
:-3 ( ,balf ?-of. i d ts.i .previous value. ' ‘Advantageously the apparatus is 
; .- ‘fltifeed: iirttf airr. inceiterator ©tnd burns noxious products such as 

iu .VQ&Sr-q 3 f‘i r.qr;:: f ■“ s i-oc 

■ncj cv -Rteferably;:-the-- ttnrrd?itor ?auxil i ary /electrode is positioned 
30 , ;-such, that jit; is^offset between ; the firsthand second electrodes. 

. ir .fhat-i s . it .israioser ?to the : first - electrode ' than to the second 
= . ;eleetr_oder. Advantageouslytthe-first and? second electrodes have a 
% I : larger ^surface area -than the? thifcJ electrode and ^they are 
dimensioned and arranged such that gas flows betwee if-a volume 
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whose .envelope is: partially determined : by the slbpe of the 
surfa.ce of each eiectrode. 

The- first : and second electrodes^ may have surfaces which are 
curved- in one or .more pla'nesi such that' they form sloped portions 
of' arcuate bounded 1 laminae or portions of spherical' or ovaloid 
bodies. Preferably however the' electrodes are of relatively 
simple shapes' which may be readily punched or' stamped from metal 
sheets. This 'ensiires h the' r 'electr6des’Sre cheap: 

Occasionally electrodes may need'replacing as inevitably some 
corrosion occurs; ; HbwWe‘r; i0 ft W : felt r the'benefit of relatively 
:cheap costs'-of electrddes etfcf ea'sii'of replacement far outweighs 
the = expense of" complex' 'electronic’' swi tchgear and/or electrode 
cooling equipment ^whieh’ 1 'has heretofore been "required. 

According to another-aspect Of'the' present invention there is 
provided an auxiliary electrode adapted for insertion into an 
' incinerator tffifch" : 1 ! s : -'-''eq\!l’pt)edP r; wi ! fh a first and second electrode, 
''the -auxiliary: blfriftrode having 1 ! a' 1 power supply and being 
dimensioned • a-nd- c; arfanged’^with 'Vespecf ""tO' the ffrst and second 
. electrodes sHch tfiift vol tage^fequfred across''t'He 'first and second 
electrodes r! to r achTeve breakdown i t 'reduced'. 

ft. Twi 1T -be- app^etiafed kfrari'g'emeht in accordance 

iwith ’SWe- second r aspect” 0 may c be : ‘ retro fitted to existing 
equipment. Similarly two or more auxiliary electrodes may be 

-fitted." ~ ' ,s ~ . ' ” i 

i The positioning of the third, “• fourtfi 'of higher order, 
auxiliary electrode is not Crucial/^ but it should .be such as to 
"assist breakdown between' the main electrodes', to _ occur. The 
establishment -of V' discharge ‘ emiss'fon ’"site' greatly increases 


■.r.. 


30 


effectiveness 6f operation N an'd''enables a lower breakdown voltage 
between the ■ el ectrodes.' ' , J ' , s . 

!■ in one arrangement'; described below, a low current of 
approximately 0.1 A" supplies the third electrode.^ Current is 

* denved-'from ab : independerit 1 supply 'from'that used'to supply the 

- • - „• J f !'■*. i ' ‘' i'“ ' l' CXT. * * ** 

: 'pr‘iniafy rV electrodes/'' HOwei/er,"''"suitable ' 'transforming may be 
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.provided such that-a single electrical supply may be'used. 

Preferably there are two electrical supplies:one being higher 
:V^ n 7 -^ e :°*v er .typical ly by an. order of. about- two. A fullwave 
r.'.; “ c se,cU to supply the third, or auxiliary 

.5 .. electrode, -.In an alternative-. embodiment a-, fourth, auxiliary, 
- -!~ elect r^e . ; b.e- % connected,*, to oppos.i te.-, arms - of - the bri dge 

rectifier .such; tjhat .odd-numbered haIf-cycles , are . applied to the 
third e 1 e $tr.?-d, e and e : yen t njJmbe^ed half., ; eyc 1 es are applied to the 
fourth, electrode. (or 9 Y,icf ^er.sa)... r; ^ ; y r 1 . . . , • 

. Typically, the-^ower-^eonsumpf,ion of the auxiliary electrode 
^ ver ,circuif 7 Is^ss, tjh^.n .lJcW.-and I r preferably- le^s .than 500W. 
The saving th 1 s. aux iJ1 a.ry ? ^qi-rcui f...makes^on, the? overall reactive 
power . cogsumptjpn.^o.fthe ,h deyice • .i.s : conS'i L d.exable: despite the 
slight increase, \n. running, .cps-t.s- dge, fo inc.re.ased frequency>of 
electrode replac 5 ejne,n.t,. . v , K • ... 

; T he f n \ rs:?: 2 7 apd :- ^^ndg^ectrodes^a^e -sp h dimensioned and 
: . , arr v P ? a j; p % rm Vtn f $!?ri ’P.P.itTftg, ] <arc..- r to ; -move across their 

. :-J e | P 2 e ^ 1 V C!i/ U 07 ac ?!3C^W fo f^^iiopn^rfar^ow L g„ap,'to.eaf wider gap. 
J^ 2 S '; ?f K ?rS ni ® n ^';.- 1 c s b3 d iV a c?.P a 5j.i??<!.y flf?? ^onveetion^eff ects and 
partially to tj\e. ;i nipvemen± lc Qf^gas O through c the S Lnarrow ^region of 
^what may Ti be r epy1saged j ; as a iC t£pened .necked" r negfen to a wider 
regiop. ^ The tqrni u^e,d fp,.. described -th-i s,.phenomenon; is called 
"Glydarc". . ' _ r . , , 

The advantage of the VOC incineration process depends on its 
j" h fTent_simplicity which requires the use 7 of alternating current 

. . r ., ana ! ,d th -. e ! r cS ?re s ° f the ,discharge to .prevent a 

I - r . ; - s .* atic . ^fcharge forming ^hjch would Result -in erosion of the 

. ^ e ^f^° d ® V -jHpweyer^ in special conditions -It may be possible to 

.. 4,^, v . A , d ,i re . c ,i;., C i Ur r e P^. -t.9 .supply th,e .arrangement.. 

TPe voltage breaks down the minimum , gap, between".' the 

2 ;:-. .!l ectr ° des * on ^f ? !? W;- C ^?. e of, ^e, supply, .voltage to form a 
., ... ..short low ; vqltage . arc^ ., The , af,c ; . then • lengthens ; and reaches a. 

, ^^^^"vf^^^^Pf is ^rgely Independent of the 

, e ]fPtf?P^ r separation since ^the^di scharge .i s - blown , clear,qfrom the 


20 


•ccbxj 
:o 


25 
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electrodes... Even with an electrode gap of 1mm the breakdown 
voltage is in excess of 3kV in still air and is even 1 higher in a 
gas flow.. As a result a supply voltage above about 5kV is 
required to ensure reliable ignition oil’each half cycle voltage. 
5 . If resistive ^stabilisation .is-used the power supply consequently 
is less -than 20% : efflcieht' or ' alternatively ‘ if r, as in practice 
-inductors -areused'. to. avoid-power loss the equipment operates at 
a . power-- factor: of 'less’ 1 than • O.'Z 1 .e'. a -utilisation of the 
available power Of 201. - : ‘ ‘ 

10 To reduce the ,ratioeof{'breakdown to operating voltage 

^auxi liary: el-ectrodesv or pi lot arcs, 1 cah* be : used both with DC and 
a . AC devices. . However, since' ;. ;majbr-' advantage’ of" the Glydarc 
, process 1 s; c its': {inherent .{simplicity any alteration to the 
electrode .design> must be'.correspondingly Siiiiple In order to 
15. -retain its advantages.” o ' - : • "• > ’ ■ 

v< 1 . * 

... Breakdown; of the- electrode gap between the primary electrodes 
can be achieved at a reduced voltage by creating an emission site 
and/or ionised:,:.gas seat' bnel-electfode with a separate discharge 
: cir.cui tc.and- supplyc? i This~ i s i: a- H 3 i; eieCtrocie form' Of a mul tiple 
20 . elecjbrode: f discharge :si mi l&f ftd : those used' aV pilot arcs in 
transferred rarc ~ p?Tasma= -torches and- 'discharge lamps. The 
auxi 1 iary -discharge : may be DC or 2 •7\C V although the use of DC 
eliminates effects due to variation in the phase angle between 
the two. supp-1 ies. Such an arrangement - is’ described in detail 

25 .below. : . */ " •' - • ■ -- 

The position of the third or auxiliary electrode is critical 
so ps to prevent a conducting path - to -the''main supply to the 
... -first and second electrodes, (which has’’a’ lower' resistance than 
• the electrode gap before' breakdown), and ‘ it must also be 
30 positioned .so as to prevent- 1 damage' to the auxiliary electrode by 
the main discharge'. ' This' is- achieved by locating the auxiliary 
electrode closer to one electrode than the other and can even be 
•offset from: the p1ane T of. ti.e-2' electrodes. 

. Ansi embodiment of thepresent 1 i nventi on will now'be described, 
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.by way of an example only, and with • reference- 'to the Figures in 
»;■ -which:- i f v ^ ‘ : f • 

ux ... .Figure 1 1 s; ..a circul t. diagram' of 'a'’V0C‘ incinerator 

. : . .j sh.Qw-ing.^riinary and auxiliary: e.leetrDdes'; • ‘ 

ua v • c •.. ! Figure <2 shows ;■ .graphs of : _ d.i scharge "voltage against 
: • discharge- current ■for-dvffe'r.erif ;eldctrode separations; 

:-.j t • •"? AcSraphSjr ; of > .discharge i-voltage 1 'against ignition 

. . % disoharge current fforvdjjfferent electfode separatiohs; and 

Figure 4 is a graph ./of ^discharge 1 voltage against 
,. 7 ^spparat?o n :of priiinary :e,lee.tfoda. art'. -- 1 

• ;• -Referri.ng.to,. ; Figure, ian n.c^nerator : 10 ^ha : d two primary 
electrodes- ; 12.t and , ; 1;% and annauxi,1 iary -electrode 16. ? ’Electrodes- 
12f,a.nd -14 have a 4 -power^supply T8/.n Electrode 1 14 is : 'connected to 
power supply; j 1-8,; vi-,a;;; rasi stor; Rs; -r.; A r/diode bridge' '22 ensures, 
current is delivered to auxi 1 i ary electrode T6* vi'a-re'si stor Rt 
from, power , supply ; 20. - Gacvfco: he;/igniteda flows^iri -the direction 


r pf^arrpWyA,...^ 


..jtf 


~-t \ a 


20 


-,r 


25 


, v^gsrfche fiarrangement'"in ■'Figure 1 were 
$anr1.ed„. r o,ift -tp, de+e^rntne -thef effect iveh?:sts?. dP4uiiHWy ignition 
- W^reasfng the: ..arc voltage i acrosss'-eVe'dtrodet 12 

-.$}? by-, ? .; e flab t 14 _ng ,a>, ; greaterReparation t-between --the mai n 
discharge, electrodes >J2;,:and 14.,orr on deducing 1 ; the minimum 

.el.ec.trqde, yoht-age. • fC -^ •. r -<y.« ai--b ;;-i:xri: - t.*sa ,$.r- 
r, ;vj^sts .were carried -out over arrange of air- flow rates of 5-10 
1/min. Corresponding to an air velocity at the nozziV-butlet of 
24-48m/Si 5ij r- v ... 

1 1 7 le :. c, .;: scf c a , r ;,ge ( current is -almost sinusoidal and repetitive and 
. was . measyr v ed, w,jth _ an- analogue meter. * The ’ discharge voltage is 
.very, non. : si mi, foi dal, and ...non; repetitive /.with large, extinction and 
r’ qn L ti ° n Peaks To; oye.rgome , thj s,. the discharge rvottage'-was 

•; : ' , der -V/ ed t he , 9 ur fent measurement since ,* : 

{ ; Vf ",.v. ^d ; . = Voc;“r IR s:x / -o.:f> nc •' -n> ■ 

The first series,^^.moasurements'- .were /made, of the ■ d-i scharge 
c?n-pas?, lt ^ e ..c^ n< l. furrent^rharacteristic -acrossrthe: primary electrodes 


30 
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( 12 , and 14). without auxiliary electrode 16 .for-.a separation 
between the two electrodes ,(12 and 14) of lmm, ant}. 2mm.-;,.; 

.These graphs show only a small increase in discharge voltage 

with separation between the primary electrodes: .1,2r and 14. This 
.5 i-s marked -mainly by; random ; variations.: This',is. not surprising 
since ,for ••most of its duration ; t;he, discharge is. extended many 
times the electrode (.12 and; 14) separation by tie• gas flow. The 
increase - in -.voltage-.' with current is ocontrary : to the normal 
behaviour of ^a. discharge,; however, as. the 'current increases the 
TO discharge tends - tc< : .become more i estable v and /a.i longer discharge 
could be sustained before- .extinction-occurred . ,v .- 

The var ; i : attc)n 3 of-aux*l'farysfdischarge; voltage with current 
(auxiliary discharge characteristiic) was; measured and the results 
, . are-seen.; in-Figure.;3;.y ■* . v ; t <■ 

15 ... Figure 3 , shows^ jdependence of ;discharge . current (Ig> on 

voltage , (Vg)>, ; Af;v differe nt r. ,e 1 ectrode <12 . and 14) separations 
, ,, wi th the - auxi l i ary j -elec trod e.,;, 1 GriT connected\ as anode. The 
di scharge was.-unstabl e at :abp..ut iS/nnsrasand 4 at: icurrentscbelow about 
0.08., .,A-.,-AH subsequentditestsf were: catriedn out 1 at 0.1A with 
20 ' separations ;oyer i the>?,ranged Zbtmm^-r-. . 6 : mm; between: thecHprimary and 
,,, : tl)e auxi 1 i,a-ry_; ; eiiectrodes> s ''bt v 1 '•< 

; , . j Jhe, effect of the auxi l iary ; electrode 16 r is shown f in Figure 

> , 4 . The separation between the 'primary^electrodes; 12 and 14 could 
- .i be increased up, tp,\;12'vmm before-the r. arc,;no . longer- ignites. The 
25 main discharge, yoltage; was almost independent of the-'separation 
of the primary--electrodes 12 and. 14 Which-is consistent with the 
observations at /electrode separations of .1 .mm;and 'Z mm; without an 
, , 4 - - auxi 1 iary electrode 16 : as seen,, in:- F.i gure 2cv r :••.*. - v 

Figure 4 shows var.iation^of -separation- rd wth : discharge 
30- voltage, Vd. + Tests; were carried out-to determine' the effect of 
the^ auxiliary discharge. betweenyoh the \A-I characteristic of the 
main di scharge, ,;Figure .2 for.. separation- of 2 mm- and 4 mm of 
auxiliary electrode; from the,iprtmary lei ectrode.: the results are 
simj;lar;::‘tobf-the.discharge charActeniStic "Without* the ignition 
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electrode but at--a much larger electrode' separation and with 
greater- discharge stability: - •-The : affect' of 'the separation 
between the ^primary electrode' and auxi liary electrode was not 
■ significant.' vy.-. 

'' S'A: further series -■ of->tests 'at much.1arger separations• of the 
— ’- primary electrodes - (Figure 2)at a constant separation between 

• ‘ the. primary andrauxiliary 1 eidctrode 'was- carried- out-1 Again this 

• ' : ~1s largetiy rihdependehf 1 -'OP the v - separation betweeto-the primary 
.. electrode's;: buf-.: the> vaftagto i.S Shi^her^ and '’much ~mdre' stable. A 

10. fInal')i test-'Was -cawted^ out to^tl'etefmind ! ' thd minimum voltage at 
which the cd-isoh'arge'owoQidT^isgnfte^dsincf 1 ^a'rf'-auxi 1 iarj^ electrode 
- wi th;:a-nd. . withouto -a-■ bgas.~«flow-.' 117 TH«P operating' points for these 
■' i' conditions'lare; ?hown(1 toj cotM-rc f.b ^ ; , 

This is illustrated by the decrease;in -voltage required in 
15: one of> the: experiments, ^as’:shownbby' ttoe* point ‘PTorl the graph in 
-5- h.i Figi/re 4;;.-; coniparedowith:'fhen^fH^ocii-ng points ^01^Q5 v at a much 
. c4.c-hf.gher voltageu-o.) The ‘ opehc;e£r'ciii t v.voitag^ i s^&nly 1 ' about 2 .OkV 
de wo. cdorapjarfi-dviwithe thesnormal »alcbe of about “SySteV." sstofir r ifc 
v, Ai'.O - sThe c reAirlits^r showAv'thatscthbrspPifliafy 61 ectrbde- 0 T : 2 and 14 
.20 ; *iS i epaiTtati:on"'.can' be> increased? by E-using "a- third el'ectrdde-16 but the 
arc voltage only increases by a: 5sma13'-amount.■■ ^The' results also 
\\ j r-• indicate that :<the: supply'voltage can be reduced 7 to less than a 
v . -■ rhadf.-: the.^.va:ili*e' -pr : e;vi.buslyj‘ required^ .i ncfe^is i rig ?the u-ti 1 i sation 
?-:r-and; reducing; the .loss 'in the power supply. As'-the separation of 
'.25.-c -the n primary;- el ectrodes.; is i ncreaseti c above the mi nimum val ue 
.ii;* requjredofor fi gni tion, with .no auxiliary- eiectrode, Ifhe effect on 
; ;the: arc,..vot-*age' is: not tso.sgrelat 'ahd 5 the' di scharge voltage is 
insensitive toS the; separation of' the 7 auxiliary electrode but 
increases- withCdischarge current .'’ - • 

r.307-t It-Wi l l ;be> appreciated nthat variation to the? embodiment may 

' r- _ be ‘ made. wj.thoUt 'departing .from : the scope of the ; invention. For 
example a -fourth; or .i-trigher order:; iauxi 1 iary electrode may be 
.-insta.iled. .to.-:a-; ,V@C incinerator .~o-Alternativeiydr i in c addition 
clnp r to j ,-^ a jPC; ibiass.ingu voltage may.:Cbe : applied'-to'sthe r -third or 
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auxiliary electrode- sp as to ensure the required potential 
difference was• _ present, to initiateloca ; l ionisation. This 
biassing voltage may t be .arranged to follovp r any variation in the 
potential d,ifference across 0 the primary- electrodes.- -j . 

5 it will be appreciated that the-invention may be'-incorporated 

into an exhaust,. system ,pf a-vehicle. „ In ■ particular a low-power 
.. arrangement c m.ay,,b w e ff-itted-r-to .jthe exhaust: of a-diesel powered 
, vehicle ,suchp a.s; an art-icul-ated, rlprry, -in : ^rdeitrto -significantly 

reduce the 9xhaus ; t;,emissions.-n ; -rr ..- - 
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CLAIMS 



■ 


!:r 1 1. • Apparatus' for producing ah' electric ’arc’comprising a first 
,H ;r,: 'and • second' electrode' and means for establLshing a potential 
difference across’ the two’ electrodes;' a" third or auxiliary 
;5;:-electrode;■• means for applying a potential difference between the 
; i r third.-of ■ auxiliary electrode -and- at. least one -of the first and 
' second electrodes' SOch thdt --the Voltage recjhifed’ to achieve 
- 1 ‘ '‘breakdown' across the'opi tst , ' r ahd : stcond 1 electrodes -ts’ ; reduced. 

2. Apparatus accord!ng to Claim-'1 : whereirt^the^ means for applying 
10 a potential difference between the third or auxiliary electrode 

and at least one of the first and second electrodes achieves a 
reduction in the breakdown voltage of at least 502, in the same 
apparatus without the third or auxiliary electrode. 

3. Apparatus according to Claim 1 or Claim 2 wherein the third 
15 or auxiliary electrode is positioned between the first and second 

electrodes, but is substantially closer to the first electrode 
than to the second electrode. 

4. Apparatus according to any preceding claim wherein the 

surface area of the third electrode is less than the surface area 

20 of either the first or the second electrodes. 

5. Apparatus according to any preceding claim wherein edges of 
surfaces between the first and second electrodes define blade 
like edges. 

6 . Apparatus according to any of Claims 1 to 4 wherein the 

25 surfaces of the first and second electrodes are symmetric about 

an axis and define a pathway for a fluid. 

7. Apparatus according to any preceding claim capable of 

receiving a fourth or higher order auxiliary electrode. 

8 . Apparatus according to any of Claims 1 to 7 having a power 

30 requirement of less than 1 kW and preferably less than 500W. 

9. An auxiliary electrode adapted for insertion into an 

incinerator for incineration of noxious gases, the incinerator 
having first and second electrodes, the auxiliary electrode 

having a power supply and being dimensioned and arranged with 

35 respect to the first and second electrodes such that voltage 
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required across the first and second electrodes to achieve 
breakdown in the gas(es) is reduced. 

10. An electrode according to any preceding claim in which a 
current is supplied at a value substantially at or less than 0.1 
5 Amp. 
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